The a, b-elimination of L-cysteine catalyzed by Saccharomyces cerevisiae L-cystathionine g-lyase (EC 4.4.1.1) was inhibited by the substrate. The absorption spectrum of the holoenzyme in the presence of Lcysteine showed that the substrate inhibition observed in this reaction was due mainly to removal of the cofactor.
The physiological role of L-cystathionine (CTT) glyase (EC 4.4.1.1) of Saccharomyces cerevisiae is to synthesize cysteine by cleaving CTT, and the cysteine produced is thought to function as a regulator of this enzyme by inhibiting it. 1) Inhibition of this enzyme by cysteine has also been reported in other organisms. [2] [3] [4] The enzyme can also catalyze a number of reactions in vitro: CTT b-elimination, a, g-elimination and greplacement of L-homoserine (and its O-substituted derivatives), and a, b-elimination of L-cysteine and Lcystine. 4) The multicatalytic property of this enzyme is shared by the CTT g-lyases from other sources. [5] [6] [7] L-Cysteine can also be another substrate of the CTT g-synthase reaction catalyzed by the same enzyme from various sources, [4] [5] [6] 8) together with L-homoserine (or its analogues), at high concentrations that are su‹cient to inhibit the b-and g-elimination reactions. 2, 3) On the other hand, L-cysteine forms thiazolidine with pyridoxal 5?-phosphate (PLP), 9, 10) and it can be used to prepare apoproteins of some enzymes having PLP as the cofactor. 11, 12) Thus, the relation between L-cysteine and CTT g-lyase is complicated. However, there have been few detailed investigations of the enzyme with respect to the elimination of cysteine. 3) In this paper, we describe the characteristics of CTT g-lyase of S. cerevisiae with regard to a, belimination activity with L-cysteine and L-cystine as substrates. CTT and O-succinyl-L-homoserine (Sigma Chemicals, St Louis, MO), L-cysteinehydrochloride (Kishida Chemicals, Osaka), Lcystine, PLP, L-homoserine (nacalai tesque, Kyoto), and other chemicals were obtained commercially and were of the highest grade. O-Acetyl-L-homoserine was synthesized according to Nagai and Flavin. 13) CTT g-lyase of S. cerevisiae (a tetramer of identical subunits having a MW of 43,000 8) ) was puriˆed from transformed E. coli cells as described previously. 8) Elimination reactions with amino acids as substrates were carried out, unless otherwise stated, at 309 C for 30 min, in 1 ml of a reaction mixture containing 0.1 M potassium phosphate buŠer (pH 8.0) and 0.2 mM PLP, using an appropriate amount of the enzyme (0.011-0.033 mg of protein). When cysteine was used as the substrate, dithiothreitol (DTT) was used at 1 mM in the reaction mixture to minimize interference by cystine produced during the incubation. The product (pyruvic acid) was mainly determined with lactic dehydrogenase (EC 1.1.1.27), 14) as described previously. 8) The color intensity of phenylhydrazone formed from 2,4-dinitrophenylhydrazine was assayed 15) in order to conˆrm the results obtained by using the former methods. 5,5?-Dithiobisnitrobenzoic acid was used to conˆrm the presence of a sulfhydryl group in the reaction products when Lcystine was used as the substrate. Holoenzyme dissoved in 0.1 M potassium phosphate buŠer (pH 7.8) containing 1 mM EDTA and 0.2 mM PLP (5.57 mg of protein W ml) was employed as the material for the determination of absorption spectra. The spectra were determined in a spectrophotometer (Hitachi Model 124) at 309 C in the wavelength range of 300-600 nm. Protein concentration was assayed by the methods of Lowry et al. 16) and Bradford. 17) In order to observe the relationship between enzyme activity and substrate concentration, the cysteine a, b-elimination reaction was carried out at various concentrations of L-cysteine as described above. Under the conditions employed, the linearity of the reaction against the reaction time was ascertained up to 30 min or longer. The behavior of the speciˆc activity observed against the cysteine-concentration is shown in Fig. 1 (closed circles). The enzyme showed greatest activity at a substrate concentration of ap- L-Cysteine elimination reaction was carried out as described above with 0.022 mg of the enzyme protein in the presence of indicated concentrations of cysteine as the substrate (closed circles). When L-cystine was used as the substrate at various concentraions, 0.011 mg of the enzyme was used (open circles). The amounts of the reaction product, pyruvic acid, were determined by monitoring oxidation of NADH in the presence of lactic dehydrogenase (EC 1.1.1.27).
14) Other conditions are described in the text. The sample contained 0.3 ml of the holoenzyme solution and 0.9 ml of 0.1 M potassium phosphate buŠer (pH 7.8) containing 1 mM EDTA (ˆnal protein concentration, 8 mM enzyme, 32 mM subunit 8) ) and the spectrum (O) was determined against 1.2 ml of the same buŠer at 309 C. A solution (0.03 ml) of 100 mM Lcysteine hydrochloride was added to both the sample and the control cuvettes (ˆnal concentration, 2.5 mM), and spectra were determined at certain periods (in min) as indicated: (1) proximately 1.5 mM, and the activity decreased with increases in the concentration of the substrate up to 10 mM. At low concentrations of cysteine, the apparent Km for L-cysteine and Vmax were estimated to be 0.46 mM and 0.23 mmol W min W mg of protein, respectively, in a Lineweaver-Burk plot (data not shown).
It was necessary to study the elimination activity of the enzyme with L-cystine as the substrate in order to conˆrm that this activity did not signiˆcantly interfere with analysis of the L-cysteine a, b-elimination reaction. Reactions were carried out as described above except for the omission of DTT in the reaction mixture. The enzyme was almost saturated with the substrate at a concentration of approximately 0.5 mM (Fig. 1, open circles ). An apparent Km of approximately 0.08 mM for the substrate and a Vmax of approximately 0.65 mmol W min W mg of protein were obtained from a Lineweaver-Burk plot (data not shown). In the same reaction, the eŠects of PLP concentration were also investigated at aˆxed L-cystineconcentration of 1 mM, and a Lineweaver-Burk plot gave an apparent Km for PLP and a Vmax of approximately 0.003 mM and 0.67 mmol W min W mg of protein, respectively (data not shown). On the basis of this information and the fact that the maximum concentration of cystine formed after incubation of a cysteine solution at 309 C for 30 min under the same conditions as those used for the cysteine elimination reaction (in the presence of 1 mM DTT) is only 0.6z of the concentration of L-cysteine dissolved, 18) it was possible to calculate the net activity of the enzyme to catalyze the L-cysteine a, b-elimination reaction, based on the assumption that the cystine elimination proceeded linearly in the range of cystine concentrations of 0-0.2 mM. As a result, approximately 90z of the activities observed with L-cysteine as the substrate were correct activities of the enzyme, and approximately 10z were activities with cystine formed during the incubation.
To understand why inhibition occurred at higher concentrations of the substrate, the absorption of the holoenzyme was observed in the presence of cysteine. Figure 2 shows the absorption spectrum of the holoenzyme (8 mM) in a UV-visible region (symbol (O)) and its change after being mixed with 2.5 mM Lcysteine. The absorption peak of the internal SchiŠ base at 420 nm (O) decreased to approximately 10z immediately after the addition of cysteine (1), and new absorption appeared at 330 nm (1), indicating that almost all PLP bound to the enzyme was removed to form thiazolidine with added cysteine, which absorbs at 330 nm but not at around 420 nm. 9, 10) The absorption characteristic of the SchiŠ base increased with time, but the wavelength of the peak was slightly lower (by 4-5 nm) than that of Reactions were carried out with 0.11 mg of the enzyme protein as described in the text except for the concentrations of cysteine and PLP. PLP was added at concentrations as indicated. Concentrations of cysteine were 1 mM (closed circles), 3 mM (open circles), 5 mM (squares), and 10 mM (triangles).
the internal SchiŠ base (O).
It was considered that a small portion of the internal SchiŠ base (absorption at 420 nm) remained without being broken by 2.5 mM cysteine (Fig. 2,  curve (1,2) ) and that this active fraction of the enzyme would have been able to catalyze the cysteine elimination reaction at higher cysteine concentrations up to 10 mM (Fig. 1, closed circles) . This is supported by the fact that CTT g-synthase reaction is catalyzed by this enzyme with cysteine as a substrate at high concentrations. [4] [5] [6] 8) The increase in absorption at around 420 nm after the addition of cysteine was considered to be due to the increase in the external SchiŠ base with L-cysteine, since absorption at 418 nm is observed for Salmonella O-acetyl-L-serine sulfhydrylase binding its reaction product cysteine. 19) No absorption peak at 470-480 nm characteristic of an aminoacrylate intermediate reported for other amino acid-metabolizing enzymes 19, 20) was observed for the enzyme with L-cysteine, although it showed absorption at the same wavelength with CTT and Lhomoserine (or its O-substituted derivatives) (data not shown). Instead, another absorption appeared at around 500 nm and it also increased with time after the addition of cysteine (Fig. 2) . This might be related to the intermediate in the catalysis of cysteine a, belimination by the S. cerevisiae enzyme, as suggested for E. coli tryptophan synthase in a deamination reaction with 2-amino-4-methoxy-trans-butenoic acid as a substrate.
12) The absorption at 330 nm also showed an increase with time. This was also considered to be a result of the increase in the aminoacrylate intermediate. 19, 20) It must be noted, however, that the turbidity that appeared and increased with time under the conditions employed might have ampliˆed absorption to some extent. Therefore, we must bear in mind that the increases in absorption, particularly those observed at a later time after the addition of cysteine, were not exactly proportional to the net changes in the concentrations of substances. In the same experiment (to determine spectral change) carried out at 109 C, changes in absorption were also observed but were much slower. Accordingly, the changes in the three absorptions (Fig. 2) are considered to be related to the cysteine elimination reaction. It is unlikely that co-operative inhibition by cysteine was operating on the S. cerevisiae enzyme as described for the Streptomyces phaeochromogenes enzyme about the elimination activity with cysteine as the substrate 3) and a,g-elimination activities with both L-homoserine and CTT as substrates. 4) As cysteine has the eŠect of removing PLP to form thiazolidine, 9, 10) the relationship between the activity and PLP concentration in the cysteine elimination reaction was investigated. The reactions were carried out atˆxed concentrations (1 mM, 3 mM, 5 mM, and 10 mM) of L-cysteine as the substrate. The concentration of PLP added to the reaction mixture was increased up to 1.2 mM as indicated in Fig. 3 , in which the results obtained are summarized. At high concentrations of cysteine (5 mM and 10 mM), the speciˆc activity continued to increase even at a PLP concentration of 1.2 mM. This is considered to be due to the removal of PLP by cysteine from the enzyme and the presence of some apoenzyme molecules in the reaction mixture. At lower concentrations of cysteine (1 mM and 3 mM), the enzyme activity decreased at higher concentrations of PLP. This is considered to be due to removal of the substrate cysteine by excess amounts of PLP to form thiazolidine. Thus, the relationship between concentrations of the substrate and the cofactor is very complex, and the apparent Km, determined for PLP from Lineweaver-Burk plots, increased (from 0.07 mM to 0.25 mM) with increases in the concentration of the substrate (from 0.3 mM to 10 mM) (data not shown).
Detailed analysis of the products of the cystine elimination reaction was not performed in this study. However, since one of the products reacted with lactic dehydrogenase (EC 1.1.1.27), it is evident that pyruvic acid and ammonia were produced from the substrate by the catalysis of the enzyme. Thiocysteine would also be a product as reported for other cystine lyases, [21] [22] [23] because almost the same activities were obtained by using 5,5?-dithiobisnitrobenzoic acid (data not shown). As the cystine elimination reaction also proceeded linearly with respect to incubation time under the conditions employed, the thiocysteine produced would not have been cleaved by the enzyme to produce a second pyruvate. It would also be impossible for the enzyme to produce sulˆde from thiocysteine through a mechanism supported by a disulˆde as reported for rat liver CTT g-lyase, 24) because the S. cerevisiae enzyme has no disulˆde in its molecule. 8) Determination of the absorption spectrum of the enzyme was carried out under the same conditions as those in Fig. 2 but with L-cystine in place of L-cysteine as the substrate. The spectral change observed immediately after dissolving the substrate was quite diŠerent from that shown in Fig. 2 . The most evident diŠerence was that A420 disappeared completely, and then further decreased to a negative value. Increase in A330 was very rapid and the value was much higher than that of thiazolidine (Fig. 2) , probably being aŠected by very rapid appearance of turbidity in the sample solution. The drastic changes observed were considered to be ascribed to rapid production of thiocysteine from cystine by the catalysis of a large amount of the enzyme, since cystine itself is not able to form thiazolidine.
L-Cysteine has recently been reported to function as a regulator of the expression of genes encoding enzymes of sulfur assimilation in S. cerevisiae. 25, 26) However, the possibility that cysteine regulates the activity of CTT g-lyase, probably by removing the cofactor, can not be excluded.
